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 Abstract 
In our experiment effect of three mulching methods (black 
geotextile, hay, straw) were investigated on the vegetative and 
generative parameters of organically-grown strawberry varieties 
(ʻJoly’ and ʻAsia’). The effect of different mulching methods on 
yield and fruit quality is not clear from the two-year data, so we 
continue our experiments. In fresh root mass and root length 
studies, we found a statistically significant difference between 
the covered and uncovered areas for both varieties. In the 
uncovered areas, the root system was less branched than in 
the covered areas. 
1 Introduction  
In 2017, 1.4 % of the world’s agricultural area (69.8 million hectares) was organic [26][26]. 
In organic farming, it is important to protect soil quality and soil life, and to reduce water use, 
for which purpose mulching can provide a good complementary solution. Depending on the 
purpose, different materials of organic origin (eg straw, haystack, compost, etc.) or inorganic (eg 
black polyethylene film, agro-tissue, paper, etc.) can be used for mulching. 
Numerous studies with strawberries have shown that the type of mulching material has a 
direct effect on soil temperature and growth of weeds [3][25]. The method of mulching applied can 
indirectly influence the qualitative and quantitative parameters of the vegetative and / or generative 
parts of the plant (eg yield, fruit quality, leaf size, etc.) [2][25]. 
Mulching mitigates the negative effects of drought stress on growth and yield under semi-arid 
field conditions [15]. Mulching can also affect the rate of root growth [7]. 
In our three-year study, we compared the effect of different mulching systems (black 
geotextile, hay, straw) on the generative and vegetative production of strawberries with the 
uncovered control plot. The experiment was carried out on dry soil with low humus content, poor 
nutrient supply and under organic growing conditions. Fruit quality and yield were tested in the 
planting year and the following year. In the 3rd year, when the experimental plots were liquidated, 
the development of the root system of plants (fresh root mass, root length, branching) was 
examined. 
                                            
* Corresponding author.  
 E-mail address: kiraly.ildiko@kvk.uni-neumann.hu 
 Changes in the vegetative and generative parameters of strawberry grown under ecological conditions 
  115 
2 Material and Methods 
2.1 Conditions of the research 
The research was carried out among 2016-2018 in the training garden of the Faculty of Horticulture 
and Rural Development of John von Neumann University, involving two strawberry cultivars (‘Joly’ 
and ‘Asia’). The frigo plants were planted in a twin-row arrangement with a spacing of 40 + 70 cm 
by 30 cm at the end of March 2016. 
The soil analysis carried out prior to plantation showed that the nitrogen and potassium 
capacity of the sandy soil was weak, the pH was slightly alkaline and the humus content was low. 
Ecological farming is used in the experimental plots therefore we only apply crop-enhancing 
substances that can be used in organic farming. 
Before the plantation 30 t/ha organic fertilizer was deployed into the soil. In the year of the 
plantation additional nutrients were applied only after the harvest using organic fertilizers (200 g/m2 
Greensoil Natural (brown coal from Dudar) and 0.4 kg/m2 Italpollina (pelleted poultry manure)). In 
the second year from mid-March bimonthly supplementation (200g/m2 Greensoil Natural and 0.4 
kg/m2 Italpollina) was performed. At the beginning of the flowering along with the organic nutrients 
also 40 g/m2 K2SO4 fertilizer was deployed. 
In the third year, the nutrient was applied just before flowering with the same fertilizers and in 
the same quantities as in the previous year. 
Three types of soil coverage were used in addition to the uncovered control area: black 
geotextile, straw and hay. The black geotextile was placed onto the area prior to plantation and the 
other two mulching materials were applied afterwards. The straw and hay were continuously 
replaced in the vegetation approx. every month to ensure a cover the thickness of which is 
minimum 2-3 cm. During the flowering and maturation period the uncovered control plot was 
covered with straw in order to prevent soil particles from contaminating the fruit. After the harvest 
the cover was removed. 
2.2 Data recording 
The fruit parameters and yield were measured on 10 plants in 2016 and on 20 plants in 2017 
per treatment. The plants were randomly selected before flowering. During the harvest period we 
harvested the ripe fruits every 2-3 days and then weighed the fruit (g) on a decimal accuracy scale. 
Based on the data, we determined the pieces of fruit per plant (pcs) and we calculated the 
marketable yield (g/plant). 
In 2018 we did not weigh the fruits because the yields were low and the fruits did not reach 
the minimum required size for fresh market based EU Regulation 543/2011 [1]. In July 2018, after 
the 3rd harvest, we dug out 5 plants per treatment and carefully washed the soil from the roots. The 
plants were visually compared according to the following aspects: degree of branching of roots, 
degree of branching of crowns, development of foliage. After visual inspection, leaves were 
removed with a 1 cm length petiole, and fresh root mass and root length were measured. 
2.3 Statistical analysis 
Data were recorded in Excel and then a one-way analysis of variance (ANOVA) (p <0.05) 
was performed using PAST v3.13 [11]. Because the standard deviations were homogeneous by 
Levene's test, data were evaluated by Tukey's post hoc analysis. 
3 Results and Discussion 
3.1 Fruit size 
The size of the fruit (Figure 1) in both years (2016: ‘Joly’: 8-10 g/piece; ‘Asia’: 10-11 g/piece; 2017: 
‘Joly’: 13-14 g/piece ‘Asia’: 17-19 g/piece) was far behind the average fruit size achieved with 
conventional cultivation (‘Joly’: 22–34 g/piece; ‘Asia’: 28–30g/piece [12][23]. In 2016 there was a 
significant difference (p<0,05) between the control and hay as well as the control and straw 
treatments in the ‘Joly’ variety. Among the other treatments and in 2017 the difference was not 
significant. 
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Figure1. Average fruit size (g/pc) of strawberry cultivars under organic growing conditions 
(Kecskemét, 2016-2017) 
(*significant difference (p<0,05) compared to control) 
3.2 Fruit number 
In 2016 the average number of fruits were very low (‘Joly’: 4-6 pcs/plant, ‘Asia’: 3-7 pcs/plant), 
while in 2017 we could harvest a lot more marketable pieces of fruits (‘Joly’: 16- 22 pcs/plant, 
‘Asia’: 20-24 pcs/plant) (Figure 2). In 2016 a statistically valid difference (p<0,05) was found 
between the hay – straw and hay – control in terms of the ‘Asia’ cultivar, and between the black 
geotextile – straw and straw – control treatments with regards to the ‘Joly’ cultivar. In 2017 the 
difference was not significant. 
 
 
Figure 2. Average fruit number (pcs/plant) of strawberry cultivars under organic growing conditions 
(Kecskemét, 2016-2017) 
(*significant difference (p<0,05) compared to control) 
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3.3 Yield 
In 2016 (year 1) the yield (30-70 g/plant) was far behind the expected results when in bearing 
stage (Figure 3). Cultivation practices consider the year of installation virtually as year 0 due to the 
weak yield of approx. 100 g/plant. This small amount is generally not marketed, only used for own 
purpose or is removed due to plant protection reasons (Botrytis).  
Since these are intensive cultivars in conventional cultivation, the yield of the cultivars is 
between 800–1500 g/plant (‘Joly’: 800 g/plant [23]; ‘Asia’: 1000 g/plant [24]. In contrast, under 
ecological conditions only half of that yield can be achieved. In our 2017 (year 2) experiments 
(Figure 3) the yield of the ‘Asia’ (360–425 g/plant) approached values reported in the experimental 
studies performed under ecological conditions (400 g/plant [5]. ‘Joly’ also showed lower yields that 
year (225–315 g/plant). 
In 2016 we could obtain a statistically significant difference (p<0,05) in the ‘Asia’ cultivar 
between the hay – straw and the hay – control treatments and in the case of ‘Joly’ between the 
black geotextile – straw and the straw – control treatments. In 2017 only in case of the ‘Joly’ did we 
find a significant difference between the straw – control treatments. 
 
 
Figure 3. Average yield (g/plant) of strawberry cultivars under organic growing conditions 
(Kecskemét, 2016-2017) 
(*significant difference (p<0,05) compared to control) 
 
3.4 Root development 
Significantly higher root weights were observed for both varieties in the covered areas compared to 
the control, except in the straw-covered parcel of ‘Asia’ (Figure 4). Significant differences (p <0.05) 
for root and rhizome weights were obtained between treatments for ‘Asia’  black geotextile – straw, 
hay – straw and hay – control, furthermore in the case of ‘Joly’ with all treatments compared to 
control. 
 
 Ildikó Király , Márton Maczkó, András Palkovics and Virág Mihálka 
118 
 
Figure 4. Fresh root-weights of srawberry plants in the third year of cultivation when applying 
different mulching systems (Kecskemét, 2018) 
(*significant difference (p<0,05) compared to control) 
Regarding root length, the covered areas were also found to have a greater root length 
relative to the control in both cultivars, except for the ‘Asia’ straw plots (Figure 5). There was a 
significant difference in root length between the ‘Asia’ black geotextile – straw, the black geotextile 
– control, hay-straw and the ‘Joly’ black geotextile – control treatments (p <0.05). 
 
 
Figure 5. Root-length of strawberry-plants in the third year of cultivation when applying different 
mulching systems (Kecskemét, 2018) 
(*significant difference (p<0,05) compared to control) 
 
Our results clearly support the positive effect of mulching on root growth, which is in 
agreement with the results of many researchers [7].  
Visual examination of the whole plant shows that the root system was less branched in the 
uncovered control area than in the covered areas (Figure 6-7). Mulching results in a more even soil 
temperature, which is favorable for root development. The most developed foliage and root system 
was observed on the plants covered with black geotextile, which can be explained by the better 
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moisture retention effect and the higher soil temperature. Straw and hay cover are also good 
moisture retention methods compared to controls. 
 
 
 
Figure 6. ‘Asia’ strawberry plants in the third 
year of cultivation 
(from top to bottom: black geotextile, hay, 
straw, control) 
 
Figure 7. ‘Joly’ strawberry plants in the third 
year of cultivation 
(from top to bottom: black geotextile, hay, 
straw, control) 
4 Conclusion 
In the first year (2016) the amount of yield is below what can be expected in the year of plantation. 
The main reason for this is that at the beginning of ripening we could not provide adequate water 
supply which had a great effect on the size of the primary fruits. Due to unfavorable experimental 
conditions, the first year was considered a pre-trial, so only 10 – 10 plants were designated per 
treatment. In the second year (2017) we increased the number of plants in the study for a more 
reliable statistical evaluation.  
In the second year (2017) the yield was similar to the data available in the literature dealing 
with organic strawberry cultivation. The ‘Joly’ yield did not reach the expected quantity. We assume 
that higher yields on higher quality soil are achievable for this cultivar. 
The impact of different soil mulching methods on fruit quality and yield is unclear on the basis 
of the data collected during these two years, so we will continue with the experiments. 
Based on our previously published [13][14] and current studies on soil temperature, 
vegetative and generative performance, it can be stated that each soil cover enhances the 
condition of strawberries and in most cases yields and fruit quality. Our results confirm the positive 
effect of mulching on root growth.  
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